Soil surfactants and plant growth regulators (PGR) have shown potential to lower irrigation requirements and increase turfgrass quality under drought conditions. A study was conducted from 2014 to 2016 to investigate the soil surfactant Revolution, (modified methyl capped block copolymer [Aquatrols, Paulsboro, NJ]), or the plant growth regulator 'PrimoMaxx' (A.I. trinexapac-ethyl [4-(cyclopropylhydroxymethylene)-3,5-dioxocyclohexanecarboxylic acid]) (Syngenta, Basel, Switzerland), or a combination of both on percent green coverage, turfgrass color, quality, soil volumetric water content (VWC) and uniformity on Princess 77 bermudagrass (Cynodon dactylon L.) grown on a loamy sand (mixed, thermic Typic Torripsamments) and irrigated at either 80%, 65%, or 50% of reference evapotranspiration for short grass (ET OS ). With the exception of plots irrigated at 50% ETos in 2015, bermudagrass receiving trinexapac-ethyl (TE) either in combination with Revolution or alone exhibited darker green color when compared to untreated controls at all irrigation levels throughout the research period. At 50% ETos, plots treated with any of the three chemical treatments had greater quality (with 1 = worst, 9 = best) than control plots from July to September, with quality ratings of 6 or greater from June to August. Whereas VWC was not consistently enhanced by all treatment combinations, applications of Revolution, TE, and the combination of both resulted in increased VWC uniformity and greater irrigation use efficiency. Our results suggest that by using a surfactant, a PGR, or both, bermudagrass quality can be maintained with 15 to 30% less irrigation water than the optimal rate (80% ETos) without a reduction in color or quality.
L awns and turfgrass areas represent the largest irrigated crop in the United States, accounting for approximately 163,800 km 2 (±35,850 km 2 ) (Milesi et al., 2005; Morris et al., 2005) . These areas provide benefits such as the reduction of heat island effects, soil erosion control, carbon sequestration, cool and safe surfaces for exercise and athletic activities, to name a few (Beard and Green, 1994; Leinauer et al., 2010; Wang et al.; . In addition to the aforementioned environmental benefits, the turfgrass industry contributes billions of dollars annually to the United States economy (Haydu et al., 2008) . However, despite these advantages, as a non-food and fiber producing crop, turfgrass water usage is a major concern in many communities. For this reason, multi-pronged approaches to conserve irrigation water, such as the use of alternative water sources, the use of efficient irrigation systems, applying deficit irrigation, and the use of warm-season grasses have been investigated and recommended in recent years (Leinauer and Devitt, 2013) .
Deficit irrigation is defined as the application of water below full crop water requirements (evapotranspiration [ET] ) and has become a widely adopted strategy to conserve irrigation water (Fereres and Soriano, 2007; Leinauer et al., 2010) . Deficit irrigation aims to use the minimum amount of water needed to provide and maintain acceptable turfgrass quality (Gibeault et al., 1985) . Such an approach exposes turfgrasses to chronic stress, and recovery usually only occurs following periods of sufficient rainfall. Several studies have investigated quality of various turfgrass species during such imposed drought, and the general consensus is that warm-season grasses are better adapted to sustain longer periods of deficit irrigation than cool-season grasses (Chalmers et al., 2008; Sevostianova et al., 2011) .
Bermudagrass [Cynodon dactylon (L.) Pers.] represents one of the most widely used warm-season turfgrasses in arid and semiarid climate zones because it requires significantly less water than cool-season grasses, is traffic tolerant, and can be maintained at all mowing heights needed for turf areas (Hanna et al., 2013 (Colmer and Barton, 2017) . Among several warm-season grasses bermudagrass has been shown to be the most resistant to drought (Chalmers et al., 2008) and to have the greatest capacity to recover after drought conditions (Beard et al., 1991) . Soil surfactants, also called wetting agents, are chemicals that decrease the interfacial tension between hydrophobic and hydrophilic surfaces of soil particles (Kostka, 2000) . Soil surfactants are commonly used to prevent and treat localized dry spots and areas of water repellency in the soil (Cisar et al., 2000; Karnok et al., 2004; Leinauer et al., 2007) . Gelernter et al. (2015) reported that an average of 94% of the golf course facilities in the United States use wetting agents as part of their water conservation program. While the effects of surfactants on water repellency and LSD have been widely studied (Cisar et al., 2000; Bigelow et al., 2004; Park et al., 2004) , their use in large-scale efforts to help conserve irrigation water has only been more recently investigated (Leinauer et al., 2010; Leinauer and Devitt, 2013) . Soil surfactants increase water uniformity and water availability in the rootzone (Kostka and Bially, 2005; Leinauer et al., 2001; Mitra et al., 2005; Schiavon et al., 2014; Alvarez et al., 2016) , which results in greater turfgrass quality under water-limited drought conditions (Cisar et al., 2000; Leinauer et al., 2007; Park et al., 2004; Schiavon et al.; , Alvarez et al., 2016 .
Plant growth regulators (PGR) are another class of compounds that have been shown to reduce water use in plants. These chemical substances restrict plant growth by inhibiting either cell division (Type I) or gibberellic acid synthesis (Type II) (Fry and Huang, 2004) . Since its introduction in 1990, the use of the PGR trinexapac-ethyl (TE) (PrimoMaxx, Syngenta, Basel Switzerland), particularly on golf courses, has become standard practice to maintain high quality turfgrass. This PGR is primarily used to reduce plant growth, thereby reducing mowing frequency, as well as to increase turfgrass density, color, and resistance to stress (Lenzi et al., 2012) . It was later discovered that ET rates were lower on some cool-season turfgrasses treated with TE (Fry and Jiang, 1998; King et al., 1997; Marcum and Jiang, 1997; McCann and Huang, 2007) . More recently Schiavon et al. (2014) reported that turfgrass quality was higher in TE-treated bermudagrass maintained under drought conditions compared to untreated controls. Bermudagrass treated with TE also retained fall color significantly longer (Richardson, 2002; Schiavon et al., 2014) .
Both soil surfactants and PGR have shown potential to lower irrigation requirements and increase turfgrass quality under drought conditions. However, there are no published studies on the effects of combining soil surfactants and plant growth regulators on turfgrass quality at varying ET replacement levels. We hypothesize that combining a surfactant with a PGR would increase turfgrass quality and lower water requirements to a greater extent than each of the individual chemicals would. The objective of this study was to compare the effects of a soil surfactant, a PGR, and the combination of the two chemicals on quality, color, soil moisture content, and uniformity of bermudagrass irrigated at 3 ET replacement levels (50%, 65%, and 80%).
MATeRIALs AnD MeTHODs
A 3-yr study (2014) (2015) (2016) was conducted on mature Princess 77 bermudagrass (Cynodon dactylon L.) that was established in 2010. The research area was located adjacent to New Mexico State University's golf course in Las Cruces, NM (arid, 1265-m elevation). The soil at the site is classified as a mixed, thermic Typic Torripsamment loamy sand (78.2, 15.3, and 6.5% sand, silt, and clay, respectively) . Climate data (Table 1) for the research site were collected daily by means of a weather station located in close proximity to the site.
Irrigation water (electrical conductivity = 0.6 dSm -1 and pH = 7.2) was provided from an overhead sprinkler system (MP2000; Hunter Industries, San Marcos, CA). The pop-up sprinkler heads were placed at the corners of each irrigated block (7 × 7 m), and each block was controlled by an electrical valve. The irrigation system operated at 310 kPa and irrigation audits were conducted twice during each research period (1 June to 31 September) to determine application amounts and to ensure a minimum distribution uniformity of 70%. Prior to the research periods (15 March to 31 May), turfgrasses were irrigated at 80% ETos (Snyder and Eching, 2007) . Irrigation run times were calculated every Monday morning based on the previous week's ETos, and plots were watered daily receiving the equivalent of one-seventh of the weekly ETos. During dormancy (16 November to 14 March) turfgrass plots were irrigated at 5 mm once every 2 wk.
Individual plots within each irrigated block measured 1.5 × 1.5 m and received either (i) the soil surfactant Revolution (modified methyl capped block copolymer [Aquatrols, Paulsboro, NJ]), or (ii) the plant growth regulator 'PrimoMaxx' (A.I. TE [4-(cyclopropylhydroxymethylene)-3,5-dioxocyclohexanecarboxylic acid]) (Syngenta, Basel, Switzerland), or (iii) a combination of both products (surfactant plus TE tank mixed). Treated plots were compared to control plots, which received neither surfactant nor TE. Two levels of drought were induced by irrigating at either 50% or at 65% ETos. Irrigation at 80% ETos was chosen as the unstressed control treatment.
Grasses were mowed three times per week at a height of 1.25 cm by means of a reel mower with clippings returned. The preemergence herbicide Pendulum 3.3EC (Pendimethalin, BASF Corporation, Research Triangle Park, NC) was applied in midMarch, and Dimension 2EW (Dithyopyr, Dow AgroSciences LLC, Indianapolis, IN) was applied in mid-June both at the recommended label rates for bermudagrass to control spring and summer annual weeds. Fertilization consisted of a total of 22.5 g N, 7.5 g P 2 O 5 , and 7.5 g K 2 O m -2 applied monthly at 3.75 g N m -2 , 1.25 g P 2 O 5 , and K 2 O m -2 from April to September. Iron fertilization was applied 3 times during the growing season by means of foliar chelated iron.
The surfactant and TE were applied at 28 d intervals from May until October at the recommended label rate of 20 L ha -1 mo -1 for Revolution, and 1.6 L ha -1 mo -1 for and 0.8 L ha -1 mo -1 TE. All treatments were applied in 407 L ha -1 of water using a calibrated CO 2 backpack boom sprayer (Bellspary Inc., Opelousas, LA) from a boom with 3 flat nozzles (XR1103VS Teejet, Springfield, IL) operating at 241 KPa. Irrigation was withheld from the plots for 2 h following application to allow TE to enter the plant system.
Turfgrass data collection was performed bimonthly, 1 and 3 wk after chemical applications. Visual quality was determined on a scale of 1 (worst) to 9 (best) (Krans and Morris, 2007; . Normalized Difference Vegetation Index (NDVI) readings were collected as indicators of turfgrass stress on a scale from 0 to 1 (Bell et al., 2009 ) using a Greenseeker handheld optical unit (model 505; NTech Industries, Ukiah, CA). Digital image analysis was used to estimate percentage of green cover (Richardson et al., 2001 ). The same digital image was used to calculate Dark Green Color Index (DGCI) following procedures published by Karcher and Richardson (2003) . The values for turfgrass quality, NDVI, % green cover, and DGCI were subsequently averaged for every month. Soil volumetric water content (VWC) from 0 to 7.5 cm depths was recorded monthly (1 wk after chemical application) by means of a Time Domain Reflectometer (FieldScout TDR300; Spectrum Technologies Inc., Aurora, IL). Nine readings per plot were collected 24 h after an irrigation event; readings were averaged to obtain %VWC for each plot and the standard deviation of the mean was determined as a measure of soil moisture uniformity (Soldat et al., 2010; Schiavon et al., 2014; Alvarez et al., 2016) .
The experimental design was a randomized complete block, with ET level (50, 65, and 80% ETos) as whole plot, and chemicals, and sampling years and months as subplot treatments. All treatments were replicated five times. Prior to conducting the ANOVA, a visual data inspection of the soil moisture values pointed to eight values out of 1440 as possible outliers. An outlier test was subsequently used and indicated that these values were greater than three times the standard deviation from the mean and consequently removed from the data set. To test the effects of the chemical compounds on turfgrass quality, cover, NDVI, DGCI, VWC, and soil moisture uniformity; data were subjected to an analysis of variance (ANOVA) using SAS Proc Mixed (version 9.3; SAS Institute, Cary, NC) followed by multiple comparisons of means using Fisher's LSD test at the 0.05 probability level.
ResULTs
Analysis of variance revealed that the interaction between chemicals treatment (Trt), ETos, and Year had a significant effect on percent green cover, DGCI, NDVI, Quality, VWC, and moisture uniformity. (Table 2 ). Therefore, results of these output variables were averaged over sampling months and are presented separately for each sampling year. Furthermore, ANOVA also showed a significant interaction effect of chemicals × ETos × month on DGCI and visual quality. For that reason, DGCI and quality data were averaged over sampling year and are presented separately for each irrigation level. Table 1 . Monthly average air temperatures, precipitation, and reference evapotranspiration for short grass (ETos) for the research area at Las Cruces, NM (arid, 1265 m elevation) during the research period (January 2014 to December 2016). Average air Temperature Jan. 2014  0  0  6  0  0  0  33  57  71  15  7  6  2015  24  0  6  9  31  22  43  19  6  46  21  14  2016  8  2  0  8  30  10  7  19  24  18  7  16  ET 0S - 2014  75  98  144  193  219  248  215  171  125  112  76  57  2015  48  82  118  161  205  219  178  178  141  101  70  60  2016  66  101  158  177  212  238  245  202  156  125  83  62   Table 2 . Results of ANOVA testing the effects of chemicals (Trt), irrigation replacement based on evapotranspiration for short grass (ETos), sampling year and month, and their interactions on percent green cover (Cover), Dark Green Color Index (DGCI) (both parameters determined by means of digital image analysis), volumetric soil water content (moisture), turf quality, Normalized Difference Vegetation Index (NDVI), turfgrass quality, and soil moisture uniformity of 'Princess 77' bermudagrass (Cynodon dactylon L. Plots receiving a combination of surfactant and TE exhibited greater green cover at 50% ETos in 2014, 65% ETos in 2015, and at 50% and 65% ETos in 2016 compared to the untreated controls (Fig. 1) .
Surfactant or TE each applied by itself resulted in greater green cover compared to the untreated control for three of the six treatment combinations ETos × Year under drought stress (50% and 65% ETos). No difference in percent green cover was observed between control plots and those treated with chemicals when irrigated at the highest level (80% ETos) over the entire research period (Fig. 1) . The differences in percent green cover between plots treated with chemicals (averaged for all three treatments) and control plots ranged from as little as 4% in 2014 at 50% ETos to as high as 14% in 2015 between plots treated with Revolution and controls at 50% ETos (Fig. 1) . These findings are in agreement with results of other studies. Alvarez et al. (2016) showed that bermudagrass topdressed with a surfactant coated sand had greater green coverage than untreated control plots. Schiavon et al. (2014) reported that bermudagrass plots treated with TE and irrigated at 50% ETos had greater green coverage during the fall months.
Dark Green color Index
With the exception of plots irrigated at 50% ETos in 2015, bermudagrass receiving TE either in combination with Revolution or alone exhibited darker green color when compared to untreated controls at all irrigation levels throughout the research period (Fig. 2) . Plots treated with Revolution alone did not differ in color from control plots for seven out of nine Year × ETos treatment combinations (Fig. 2) .
Data analysis further revealed that TE applications (alone or in combination with Revolution) resulted in darkest green color in August for all three irrigation treatments and in August and September for 65% and 80% ETos (Fig. 3) . Despite the fact that chemical treatments were made until October, DGCI declined from September to October and November for all treatments. Such a loss in green color could be attributed to lower fall temperatures compared to summer and to the beginning of the winter dormancy.
The darker green color of bermudagrass resulting from the application of TE can be explained by findings of Schiavon et al. (2014) . The authors reported higher carotenoids and chlorophyll a and b content in Princess 77 bermudagrass treated with TE compared to bermudagrass that received Revolution or left untreated. The higher pigment content resulted in darker green color.
Turfgrass Quality
Plots receiving TE (alone or in combination with Revolution) exhibited greater visual quality compared to the untreated controls at 50% ETos in , and at 65% and 85% ETos in 2014 (Fig. 4) . The application of Revolution alone increased turfgrass quality at 50% ETos in 2014, at 50% and 80% ETos in 2015, and at all three irrigation levels in 2016. During the 3 yr of the study, untreated control plots only showed an acceptable visual quality rating of 6 when irrigated at 80% ETos (Fig. 4) . With the exception of TE and TE + Revolution treated plots irrigated at 50% ETos in 2015, all plots receiving chemical applications were given acceptable ratings of 6 or higher during the 3 yr for all irrigation treatments (Fig. 4) .
At 50% ETos, plots treated with any of the three chemical treatments had greater quality than control plots from July to September, with quality ratings of 6 or greater from June to August (Fig. 5) . The combination of Revolution and TE resulted in mean quality ratings of 7.2 in July, 6.7 in August, and 6.2 in September. Average ratings of plots treated with TE alone and irrigated at 50% ETos were 7.4 in July and 6.0 in August (Fig. 5) .
Plots receiving TE or the combination of Revolution+TE and irrigated at either 65% or 80% ETos exhibited turfgrass quality ratings of 6 or greater throughout the research period (Fig. 5) . Bermudagrass treated with Revolution alone exhibited greater quality compared to controls in June and July at 65% ETos and from June to November at 80% ETos (Fig. 5) .
normalized Difference Vegetation Index
The association analysis between NDVI and cover and quality revealed a significantly positive correlation (p < 0.0001) among the three parameters. Normalized Difference Vegetation Indices strongly correlated with cover and turfgrass quality, producing Pearson's correlation coefficients (r) of 0.74 and 0.71, respectively. These findings are supported by results of Leinauer et al. (2014) and Alvarez et al. (2016) . These authors reported significant correlations between subjective visual quality ratings and both objective spectral reflectance measurements as well as values generated from digital image analyses. Analysis of variances and means separation tests for NDVI gave similar results to those obtained from visual quality analyses. Therefore, NDVI data will not be presented and discussed in detail. 
soil Volumetric water content and Volumetric water content Uniformity
The application of Revolution only increased soil moisture levels in plots irrigated at 50% ETos in 2015 (Table 3) . In 2016 only plots treated with Revolution alone that were irrigated at 65% ETos had significantly higher soil moisture levels (30% versus 21%) than control plots. However, plots irrigated at 65% ETos treated with both Revolution and TE had higher VWC than control plots during all 3 experimental years. The combination of Revolution and TE also increased soil moisture levels at 80% ETos in 2014 and 2015. Trinexapac-ethyl alone influenced VWC only in 2014 at 80% ETos. When chemical treatments were considered as the only main effects and VWC data were averaged over all ETos levels, sampling months and years, VWC was greater in plots treated with TE (26.2%), Revolution (26.3%), and TE + Revolution (27.4%) than in the control plots (21.2%).
With the exception of plots irrigated at 80% ETos in 2015, bermudagrass plots receiving Revolution in combination with TE exhibited greater soil moisture uniformity compared to Fig. 4 . Visual quality ratings (taken on a scale from 1 to 9; with 1 = poor quality, dead grass and 9 = excellent) of Princess 77 bermudagrass treated either with Trinexapac-ethyl (TE), Revolution (surfactant), or a combination of both products and irrigated at either 50%, 65%, or 85% ETos in 2014, 2015, and 2016 . Values represent an average of 30 data points and are pooled over six sampling months (June to November) and five replicates (chemicals × ETos × year interaction). Fig. 5 . Visual quality ratings (taken on a scale from 1 to 9; with 1 = poor quality, dead grass and 9 = excellent) of Princess 77 bermudagrass treated either with Trinexapac-ethyl (TE), Revolution (Surfactant), or a combination of both products and irrigated at either 50%, 65%, or 85% ETos in June, July, August, September, October, and November. Values represent an average of 15 data points and are pooled over 3 yr (2014) (2015) (2016) and five replicates (chemicals × ETos × month interaction).
untreated controls at all irrigation levels throughout the research period (Table 4) . Standard deviation values on plots treated with Revolution+TE ranged from as low as 2.2 for 65% ETos in 2014 to as high as 4.6 for 65% ETos in 2015 (Table 4 ). Soil moisture uniformity was lower on the control plots and ranged from 3.4 for 65% ETos in 2014 to 6.8 for 65% ETos in 2015 (Table 4) . Plots receiving Revolution alone had a more uniform VWC compared to the untreated controls throughout the research period for all irrigation levels except for 65% ETos in 2014 and for 50 and 80% ETos in 2015 (Table 4) . Similarly, the application of TE alone resulted in a more uniform moisture distribution throughout the investigative period with the exception of plots irrigated at 80% ETos in 2015 and at 50% ETos in 2016 (Table  4) . These findings are supported by results of other studies. Alvarez et al. (2016) showed that bermudagrass plots topdressed with sand coated with a surfactant exhibited a more uniform soil moisture distribution compared to untreated control plots.
DIscUssIOn
The shortage of potable water in the desert Southwest has led to the implementation and enforcement of water conservation strategies. As one of these strategies, deficit irrigation is often mandated on turfgrass areas. The main challenge facing turfgrass managers is maintaining acceptable quality when limited amounts of irrigation water are available from which physiological drought and reduced quality and playability can be expected. Our results indicate that the use of a plant growth regulator, a surfactant, or the combination of both is an effective drought management strategy that helps conserve water without a significant loss of quality of the turf stand. Applying a combination of surfactant and TE allowed us to irrigate bermudagrass at 50% ETos and still maintain acceptable quality and dark green color. Our results indicated that the application of TE+Revolution and to a lesser extent of the two products separately led to acceptable turfgrass quality (6 or better) for the majority of the growing months throughout the 3 yr of the study. In addition to acceptable quality ratings, percent green coverage was higher in treated plots (chemicals applied separately or combined) irrigated at 65 or 50% ETos than in control plots. However, percent green coverage never dropped below 70% for any of the treatments. The relatively small magnitude of the differences in green cover between treatments, while statistically significant, may be less important to the turf manager than quality differences among treatments. Similar results were reported by Goss et al. (2002) for cool-season creeping bentgrass [Agrostis stolonifera (L.)] under shade. The authors reported an overall increase in quality and color but no significant difference in cover between TE treated and untreated plots.
Several authors have reported that color and quality of bermudagrass increases after the application of TE under non-drought conditions (Fagerness and Yelverton, 2000; McCullough et al. (2005 McCullough et al. ( , 2006 ; Richardson, 2002) as well as under drought stress (Hejl et al., 2015; Schiavon et al., 2014) . Schiavon et al. (2014) reported an increase in chlorophyll, carotenoids, and superoxide dismutase activity in drought stressed bermudagrass plants treated with TE, suggesting that improved photochemical efficacy and antioxidant activity resulted in higher quality and color. Bian et al. (2009) documented an increase in osmotic adjustment through solute accumulation in drought stressed cool-season creeping bentgrass when TE was applied. Further research is needed to determine whether osmotic adjustment is also a contributing factor to the greater drought tolerance observed in warm-season grasses treated with TE. Our studies did not include physiological measurements, but soil moisture measurements indicated that only when TE was applied in combination with Revolution was loss in soil Table 3 . Volumetric water content (m 3 m -3 ) at soil depths of 0 to 7.5 cm in 2014, 2015, and 2016 for Princess 77 bermudagrass (Cynodon dactylon (L.) Pers.) irrigated at either 50%, 65%, or 80% of ETos and treated monthly with either TE (trinexapac-Ethyl [PrimoMaxx, Syngenta, Basel, Switzerland] ), a surfactant (Revolution [modified methyl capped block copolymer] [Aquatrols, Paulsboro, NJ]), a combination of the surfactant+TE, and a non-treated control. Values represent an average of 25 data points and are pooled over five sampling months (June to October). 2014  2015  2016  50%  65%  80%  50%  65%  80%  50%  65% water content reduced. The effects of TE alone on soil moisture and water use have been extensively studied for cool-season grasses with conflicting results. A higher soil water content and lower evapotranspiration in creeping bentgrass treated with TE has been reported by Bian et al. (2009) (Marcum and Jiang; . However, Ervin and Koski (2001) found no consistent reduction in ET when TE was applied to Kentucky bluegrass. At this point it is unclear whether water use is affected by TE in C4 species, despite reports of lower biomass (Fagerness et al., 2002; Hejl et al., 2015) and reduced shoot growth (Wherley and Sinclair, 2009 ) for TE-treated bermudagrass. Our VMC results do not indicate a difference in soil water loss or water use between the untreated and TE treated bermudagrass. These findings support Wherley and Sinclair (2009) who also found TE had no effect on ET of bermudagrass. The application of Revolution alone did not lead to consistent or significant increases in VWC at the two lower irrigation levels. These findings do not concur with earlier studies (Kostka and Bially, 2005; Leinauer et al., 2001; Mitra et al., 2005) in which surfactants were found to increase soil moisture retention. However, when Revolution was applied in combination with TE, VWC increased in plots irrigated with as little as 50% ETos in 2015 and in plots at 65% ETos throughout the 3 yr research period. Whereas VWC was not consistently enhanced by all treatment combinations, applications of Revolution, TE, and a combination of both resulted in increased VWC uniformity and apparently greater irrigation use efficiency. These findings support those of Alvarez et al. (2016) , Schiavon et al. (2014) , and Soldat et al. (2010) who reported increased turfgrass quality in turfgrass rootzones treated with a surfactant when moisture uniformity was increased but not VWC. No published reports are available on the effect of TE on moisture uniformity.
Chemical
Our study documented that bermudagrass quality can be maintained with 15 to 30% less irrigation water than the optimal rate (80% ETos) by using a surfactant, a PGR, or both. Overall, during the hottest period of the year (June-September), the application of Revolution+TE resulted in turf quality and color that was equal to or superior to what was obtained when each chemical was applied separately. Plots treated with Revolution+TE rated higher in quality and color in 13 and 14 out of the 18 treatment combinations (Trt×ET×Month) compared to the control plots. Revolution and TE applied alone resulted in greater turf quality on 11 and 13 treatment combinations. Plots that received both Revolution and TE ranked higher in turfgrass quality than all other treatments on two occasions at 65% ETos and on one occasion at 50% ETos.
The combination of Revolution and TE was more effective at increasing VWC than each chemical applied separately, but all treatment combinations had similar effects on soil moisture uniformity. It appears that the combined effect of Revolution, which improves soil moisture conditions, and TE, which enhances stress tolerance through improved photosynthetic activity provides optimal results in bermudagrass under deficit irrigation conditions. The question is whether the cost of applying both products will prevent their use. While rigorous water restrictions are in effect in many communities, the available budget may preclude the use of such products.
